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ABSTRACT                        The effects of chlorogenic acid on the actions of paraquat on photosynthesis 
were studied in green pepper (Capsicum annuum) leaves under medium- and low-irradiance 
conditions by following various characteristic parameters of chlorophyll fluorescence (e.g. fast 
fluorescence induction kinetics and light intensity-dependence of non-photochemical quench-
ing (NPQ)). Simultaneous treatment with 1 mM chlorogenic acid for 30 minutes eliminated the 
light intensity-dependent elevation of the non-photochemical quenching (NPQ) induced by 1 
mM paraquat, and it also counteracted the paraquat-induced decrease in variable fluorescence 
(Fv/Fm). These protective actions were seen both under medium- and low-irradiance conditions. 
Importantly, there was no need for pretreatment of the leaves with chlorogenic acid. These 
results indicate that chlorogenic acid is capable of protecting green plant cells from the actions 
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Figure 1. Light-intensity dependence of NPQ in green pepper leaves af-
ter 30-minute treatment with 1mM paraquat (PAR), 1 mM chlorogenic 
acid (CGA), and 1 mM paraquat + 1 mM chlorogenic acid (PAR+CGA) 
under medium light (600 µmol photons m-2 s-1). Each point represents 
the mean ± S.D. from 9 independent experiments.
Figure 2. Effect of 30-minute treatment with 1mM paraquat (PAR), 1 
mM chlorogenic acid (CGA), and 1 mM paraquat + 1 mM chlorogenic 
acid (PAR+CGA) on the value of Fv/Fm in green pepper leaves under 
medium light (600 µmol photons m-2 s-1). Each value represents the 
mean ± S.D. from 9 independent experiments.
Figure 3. Light-inetnsity dependence of NPQ in green pepper leaves af-
ter 30-minute treatment with 1mM paraquat (PAR), 1 mM chlorogenic 
acid (CGA), and 1 mM paraquat + 1 mM chlorogenic acid (PAR+CGA) 
under dim light (30 µmol photons m-2 s-1). Each point represents the 
mean ± S.D. from 9 independent experiments.
Figure 4. Effect of 30-minute treatment with 1mM paraquat (PAR), 1 
mM chlorogenic acid (CGA), and 1 mM paraquat + 1 mM chlorogenic 
acid (PAR+CGA) on the value of Fv/Fm in green pepper leaves under 
dim light (30 µmol photons m-2 s-1). Each value represents the mean ± 
S.D. from 9 independent experiments.
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